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(54) Information signal recording melhod 

(57) The present invention provides a method off 
recording and reproducing Information signals of binary 
digital signal train using an information signal recording 
medium formed with circular Information signal tracks 
by scrambling and de-scrambTing the information sig- 
nals with scrambling signals having cyclic codes, said ' 
tracks being divided into a plurality of sectors each hav- 
ing a sector address characterised in that the method 
comprises the steps of: 

generating a plurality of initial values according to the 
sector addresses; 

generating a scrambling signal based on each gener- 
ated initial value: and 

scrambling the information signals, and, in the case of 
reproduction, 

de-scrambling scrambled infornnation signals read from 
sakf recording medium. In each sector wHh one of said 
generated scrambling signals, each safd scrambling 
signal being used for a predetermined plurality of 
sequential sectors, 

wherein a starting point in said cyclic codes of the 
scrantf Ing signal used for the signals in each said pre- 
determined plurality of sequential sectors is offset by a 
predetermined offset value from the starting point of the 
scrarrtjiing signal used for the signals in the Immedi- 
ately preceding predetermined plurality of sequential 
sectors, sectors in aCOacent portions of said signal 
tracks being scrambled using different scramUIng sig- 
nals. 

The information signal recording method can 
remove the con-elation between adjacent tracKs and 



thereby enables a stable tracking control. 
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Description 

[0001] The present application is divided from European Patent Application 94303785.8 (serial no. 0655739) filed 
29 November 1994. the ''parent case*. 

5 

BACKGROUND OF THE INVENTION 
n^lC^Qfth^ Invention 

10 [0002] The present invention relates to a method of recording and reprodvxing informal signals usirg an infor- 
mation signal recording medium Ibrmed wHh a plurafity of circular tracKs. aid more specifically to a method of recording 
and reproducing information signals scrantsled with scrambling signals. 

Description of the Prior Art 

15 

[0003] In general, in an optical disk such as a compact disk (CD), digital signals are recorded by forming concave 
and convex portions (referred to as pit and land portions) along tracks iomed on the cfisk. and the light reflected from 
the pit and land portions is received by a quadrant optical sensor housed in an optical head, and further corverted into 
electric signals to read information signals from the optical disk. 
20 [0004] For focusing the detection light onto the optical disk, an objective lens of the optical system housed in a 
pickup is so controlled as to foBow the surlace deflection of the disk ri accordance with astigmatic method, for instance. 
In addition, for tracking to eccentric tracks, the pickup is so controlled as to follow the tracks in accordance with three- 
beam method, push-pull method, heterodyne method, etc. 

[OOOS] In the focusing and tracking control, the respective output signals of the double- or quadrant<tivided optical 
S5 sensor are calculated to obtain a focusing control signal and a trading control sigrnl tor servo-conrolfing. 

[0006] A laser beam emitted by the pickup produces a phase difference between the t>eam reflected from the pit 
portion and the beam reflected from the land portion, so that it is possfcle to obtain reproAKed signaSs on the bass of 
the difference in reflected light Intensity caused by the interference effect and then incident upon the opti ca ! sensor, k^ 
the case of a compact disk, data are recorded by forming pit and land pattern on the tsasts of EFM (eight to fourteen 
30 modulation) signals. Therefore, the recorded data can be reproduced by binarizing the reproduced signals modutated 
on the basts of the light intensity change along the pit and the land portions, and further demodulated into 10 dgrtal sig- 
nals. 

[0007] In tiie signal recording system, two system, that is. a CAV (constant angutar velocity) system in which the 
disk angular velocity is kept constant and CLV (constant linear velocity) system m which the track linear velocity is kept 
35 constant are so far known. In the case of the CAV system, the number of sectors of each track is equal to each ether, 
and all the tracks are so fonned that the sector heads of all the tracks are perfectly arranged on the radial fines extend- 
ing from the disk center. 

[0008] Further, in the case of the CLV system, since the track liner vetocity is constant although t\e sector heads 
of all the tracks do not match each other on the disk, there exists some cases where the sector heads of a part of the 

40 adjacent tracks are arranged along on the same radial line extending from the tfsk center. 

[0009] Under ttiese circumstances, in the case where a great quantity of the information signals of the same con- 
tents such as music IntemrBSsions. no-music sections, no-image sections, etc. are recorded for distance wtien music or 
image information signals are recorded, the recorded information signafs are scrambled with soambfing signals in gert- 
eral in order to prevent the signals of the same pit and land shape or arrangement tnom being recorded hi the adjacent 

45 tracks. 

[001 0] The scramble procedure as deserved above is adopted to prevent the syrKhronizing signal fa synchroriz- 
ing the sector heads of information signals from being generated in the recorded data as pseudo-synchrontzing signal, 
that is. to improve tiie DSV (digtal sum variation) oontroltability of the EFM signal. That is. the information signals and 
scrambling signals referred to as M (maxinujm) period sequence are scrambled with each other, and ten the scranisled 
so signals are recorded as the Infbrmation signals. Here, the M period sequence used for 'scrambling procedure is cycTc 
codes represented by (2* - 1) units of 0 or 1 , 

[0011] For instance, the prior art scrambling means adopted in the conventioruil CO-ROM outputs the M period 
sequence of cyclic codes of (IZ""^ -1 = 32767) represented by 0 or 1. Further, nfbrmatkxi signals are soambled wi5i 
the cyclic codes by using the same Initial value (code) for each sector. 
55 [001 2] US-A- 5014274 discloses apparatus for recording digital infonmation on a recording mec^ such as a mag- 
netic tape and reproducing the recorded information. In particular, as descrfoed. the documerrt descrfoes a code-error 
correcting device wtnch oonrprises a circuit for generating a pseudo-random or quasi-random function and which com- 
putes the exclusive^ function of digital information and an output of the circuit for generating the pseudo-rancfom f jnc- 
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tion. The computed exdustve-or value is supplied to a digital modulator as an input. In this arrangement an Initial value 
for generating the pseudo-random functtot is the address information or data-block infbnmatton related to the address 
information of the digital information. 

[0013] The above mentioned document also desaibes a further code-erra correcting device which comprises a 
5 circuit for generating the same pseudo-random function and which calculates the exdusive-or of digital demodulation 
information and an output of the circuit generating the pseudo-random function, and in order to derive the original data 
information. Once again, the initial value for generating the pseudo-random function is the address infbmiatton of data 
block information related to the address infbnmalion, now of the demodulation data block information. 
[0014] In this arrangement the de-saambling of the scrambled signal is effective when the pseudo-random function 
10 produces the same sequence in the demodulation as in the modulation. In particular the described demodulator com- 
prises an M sequence generator wtiich is the same as the M sequence generator in the described modulator and these 
are sillied with the same initial values. 

[0015] A similar type of anrangement is described in JP-A*62/95704. This document describes a signal recording 
and reproducing devk;e in which a main signal Is modulated with an M series signal so as to form a recorcfing signal, a 

15 reproduced version of which is demodulated using the M-series signal. 

[001 6] In the present tendency of the optical disk, the disk capacity and disk density are both increased more and 
more !n the prior art scrambling means as described above, however, when the information signals of the same con- 
tents are recorded at the sanr^ positions at which the sector heads are arranged in the radial lines extending from the 
disk center, since the shape at the pit portion matches the shape at the land portion, correfation between both the por- 

so tions increases, with the result that an amplitude of the tracking error signal is reduced and thereby the S/N (signal to 
noise) ratio decreases, thus causing a problem in that the traddng control cannot be executed 6lat>ly. 

SUMf^ARY OF THE INVEMT^QN 

25 [001 7] The present Invention provides a method of recording and reproducing information signals of binary digital 
signal train using an information signal recording mecfium formed with circular information signal tracks by scrambling 
and de-scrambiing the Informat'on signals with scrambling signals having cyclic codes, said tracks being divided into a 
plurality of sectors each having a sector address characterised in that the method comprises the steps of: 

30 generating a plurality of initial values according to the sector addresses; 
generating a scrambling signal based on each generated initial value; and 

scrambling the information signals, and. in the case of reproduction, de-scrambling scrambled information signals 
read from said recording medium, In each sector with one of said generated saamWing signets, each said saam- 
bling signal being used fa a predetermined plurality of sequential sectors. 
35 wherein a starting point in said cyclic codes of the scrambling signal used for the signals in each said predeter- 
mined plurality of sequential sectors is offset by a predetermined offset value from the staffing poini of the saam- 
bling signal used for the signals in the immecfiately preceding predetermined plurality of sequential sectors, sectors 
in acf acent portions of said signal tracks being scrambled using different scramt^ing signals. 

40 [0018] The present invention also provides a method of recording and reproducing information »gnals of binary 
digital signal train using an Information signal recording medium formed with circular information signal tracks divided 
Into a plurality of sectors each having a sector address by scrambling and de-scramUing the information signals with 
scrambling signals having cydic codes, the method oonprising the steps of: 

45 generating a first initial value based on the sector address, the first initial value being used over first sequential sec- 
tors of a predetermined number of sectors; 

generating a second initial value based on the sector address, the second initial value being used over second 
sequential sectors of the predetermined number of sectors; 
generating a first scrambling signal based on the f ret initial value; 

so generating a second saambling signal based on the second value; and 

scrambling the information signals, and. in tfie case of reproduction, de-scrambling scrambled information signals 
read from said recording medium, per sector vwth r^ated use of the first scrambling signal that starts at the first 
initial value with respect to each sector of the first sequential sectors and with repeated use of tne second saanrv 
Uing signal that starts at tiie second initial value with respect to each sector of the second sequential sectors. 

55 wherein a staff mg point of the second scrambling signal corresponding to the second initial vahie ts offset by a pre- 
determined offset value from another starting point of the first scrambling signal corresponding to the first init'el 
value. 
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''■•'^19] The present invention further provides a method of reproducing original information signals by de-scram- 
1 scrambled information signals of binary digital signal train read from an inlormation signal recordrg medium 
^ed with circular information signal tracks, the saambled inlormation signa's having been scrarrt^fed \ft-ith scram- 
[] signals having cyclic codes, said tracks being divided into a plurality of sectors each having a sector address dha'- 
5 ac'erised in that the me^od comprises the steps of: 

generating a plurality of initial values according to the sector addresses: 
generating a scranft)ling signal based on each generated initial value; and 

de-scrambling the scrambled infonr^tlon signals in each sector with one of said generated scranrbfing signals. 

10 each said scrambling signal being used to de-scramble a predetennined pfurafity of sequential sectors. 

wherein a starting poim In said cycTic codes of the scrambling signal used to de-scrannbie the signals in each s^ 
predetermined plurality of sequential sectors is offset by a predetermined offset value from the starting pocrtt of the 
scramtsli ng signal used to de-scramble the signals in the immediately preceding predetermined pluraSty of sequen- 
tial sectors, sectors in adjacent portions of said signal tracks having teen scrarrbled using differert scrambEng 9g- 

ts nals. 

[0020] The present invention additionally provides a method of reproducing origina] infonmatkxi signals by de- 
scramWing scrambled information signals of t>inary cfigrtal signal train read from an information signal recording medium 
formed with circular information signal tracks divided into a plurality of sectors having sector addresses, the scrant)(ed 
so information signals having been scrambled with scrambling signals having cyclic codes, the method comprising the 
steps of: 

generating a first initial value based on the sector address, the first initial value t>eing used over first sequential sec- 
tors of a predetermined number of sectors: 
25 generating a second Initial value based on the sector address, the second initiaJ value toeing used orer second 
sequential sectors of the predetermined number of sectors: 
generating a first scrambling signal based on the first initial value: 
generating a second scrambling signal t)ased on the second value: and 

de-scrambling the scrantrfed infonnation signals per sector wtth repeated use of the first scrambing signal that 
30 starts at the f ffst irstial value with respect to each sector of the first sequential sectors and with repeated use of the 
second scrarri^ling signal that starts at the second initial value with respeA to each sector of the second sequerttiaJ 
sectors. 

wherein a starting point of the second scrambling signal corresponding to the second initial vaiae is offset by a pre- 
determined offset value from another starting point of the fast scramblfng signal conrespondong to the first ia^ai 
35 value. 

[0021 ] In the atMve methods, the information signals are preferably saambled and said read scrambled information 
signals are de-scrambled by obtaining exclusive OR of the signals and the cyclic codes composed <^ (2' * 1 ) units of 
binary numbers; 

40 

and further a degree x of the cyclic codes is determined as follows: 

x>log2(8xB^x(i + S^/S^)*1) 

45 where B^^, denotes the number of bytes of the infbnnattcn signals recorded in one sector of the recording medum. 
Srnax denotes the number of sectors included in an outermost drcumferental track of the recordng medium, and 
Smin derx>tes the number of sectors included in an innermost circumferemial track of the recordng mecfunt 

[0022] Con^espondingly. the present invention provides apparatus for recording and reprodudng information sig- 
so nals of t>inary dlgitai signal train using an infbrmation signal recording medium fonned with drcutar information signals 
inrplementing the methods defined atx^ve. 

[0023] In the present inverrtion therefore the information signals are recorded such that correlation between the 
adjacent tracks is removed, when saambled information signals of binary di^a) signals are recorded on an Bifar ma ti a i 
' recording medium formed with circular information tracks. 

55 . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

s Fig. 1 is a btcx:k diagram showing the scrambling means of a first information signal recording method according to 
the invention claimed in the parent case; 

Figs. 2A to 2C are illustrations for assistance in explaining the relationshrp between the scramble procedure and 
the M period sequence; 

Figs. 3A and 3B are iPustrations showing the linear scramble patterns of the outermost circumferential track and 
^0 the succeeding dromiferential track in the first information signal recording method according to the arrangement 
described with reference to Rg. 1; 

Fig. 4A is a block diagram showing the saair^ing means of a second information signal recording method accord- 
ing to the Invention claimed In the parent case; 

Fig. 48 Is an illustration for assistance in explaining the M period sequence generated by the scrambling means 
15 shown in Fig, 4A; 

Figs. 5A and 58 are illustrations showing the linear scramble patterns of the innermost circumferential track and the 
succeeding circumferential track in the second information signal recording method according to the arrangement 
described with reference to Rg. 4A; and 

Figs 6A to 6C are illustrations showing the linear scran*ie patterns of the innemnost circumlerential track and the 
so outermost cinnjmferentiat track and the tracks adjacent thereto respectively in an embodiment of the present inven- 
tion, which embodiment is a modification of the second InfomnatkHi signal recording method according to the 
arrangement described with reference to Rg. 4A. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0025] An embodiment of the method of recordtfig infomialion signals according to the present invention will be 
desaibed hereinbefow after a description of certain methods which are the subject of claims in the parent case, all with 
reference to the attached drawings. 

[0026] In Fig. 1 , image or audio digital information signals S3 (wNch have been error-corrected and interleaved) are 
30 scrambled by a scramfcded signal generating section 10. and then recorded on a compact (£sk as the saambled infbr* 
mation signals 84. 

[0027] The scrambled signal generating section 10 shown in Rg. 1 Is composed of an M (maximum) period 
sequence generator 1 (constructed by shift registers) for generating M period sequence (scrambling signals) SlO. and 
an adder section 2 for obtaining an exclusive OR of the M period sequence 810 and the information signals S3, and 
35 outputting the scrambled information signals as information signals 84 to be recorded. In more detail, sector address 
signals Si separated from the information signals S3 are inputted to the M period sequence generator 1 . Then, the shift 
registers (not shown) of the M period sequence generator 1 are reset to start generating the scrambling signals 810. 
The Infbmiation signals S3 are scrambled with the 8cramt>iing signals S10 through the adder 2. and then outputted as 
the scrambled infamation signals 84 actually recorded on a recording medium. 
40 [0028] Figs. 2A to 2C show the relationship between Gie scramble procedure and the M period sequence. As 
shown in Rg. 2A, in the recording region of an information signal recording medium 5 such as a disK a T(n)-th track 
and a T(n+1)-th track are formed concentrk^ally or spirally. In these drawings, a CLV (constant liner velocity) recording 
system is shown, in which the sectors of the respective tracks start from the same radial line L extending from the disk 
center O. Rg. 26 shows the information signals recorded in two adjacent tracks m the CLV recording system are rewrit- 
es ten in straight lines. Further. Rg. 2C shows the anangement of the recorded signals in this CLV recordng system. 
[0029] Here, the method of deciding the degree and the initial value of the M period sequence used by the saam- 
bled signal generating section 10 will be described. In the case of the recording system of the CLV system, the con- 
stants related to the recorded disk are previously given as follows: 

so S^in: the number of sectors included in the innermost circumferential track 
Smax* nunh&r of sectors included in the outermost circumferential track 

- D^: Offset width (unit: sector) t)etween the initial value of an M period sequence and that of a next M period 
sequence (0 < D J 

Cycle- the maximum number of sectors expressed by the cyclic period (2x - 1) of an M period sequence 
£5 B^ct' the number of information signal bytes contained in one sector 

[0030] Rgs. 3A and 3B show the positional relationship of the information signals recorded through the scramble 
procedure (after having been scrambled by the scrambled signal generating section 10 of Fig, 1) at the outermost cir- 
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cumferentiaJ track and the ctrcumferential track adjacent to the outermost track. In the M period sequence shown in Fig. 
3A, the scrambling signals (whose cyclic period Is tonger than the time length of the infcrmaticn signaJ quantty recorded 
at the outermost circumferential track) and the information signals are recorded at the outermcst drcurrtferent^ tradi 
in such a way as to one-to-one (1 : 1) con^espond to each other. 
5 [0031] In the arrangement of the recorded signals stiown in Fig 3B, the injbrmation signa's recorded on the two 
adjacent tracks are rewritten linearly t)eginning from the same radial line L extending from the disk center O shown in 
Fig. 2A, in spite of the fact that the recorded signals are actually recorded ooncentricany or sprally beginnir^ from the 
disk center O as shown in Fig. 2A. 

[0032] From the nature of the M period sequence, even if a great quantity of the same infomiatkm signals are 
to recorded, since different saambled signals can be recorded in the infomnation signal recording range of the outermost 
circumferentldf track, it is possible to recoid different signals at the adjacent tracks on the radial fine L extencfing from 
the drsk center O at all the tracks from the innermost drcumferential track to the outermost drcumfer ential tack. 
[0033] Under the consldeiattons as described above, the conditions of the degree of the M period sequence to be 
usedareasfoDows: 

15 

^max < Cycte 0) 

[0034] Here, Cyde can be expressed in unit of sector as follows: 

20 Cy^-(2*.1)/(8XB^) (2) 

[0035] Accordingly, the degree x of the required M period sequence can be obtained by the foCowsng formulae (3). 
(4) and (5) as expressed below: 

25 S^<(2*.1)/(8XB^) (3) 

2*>8XB,^XS„., + 1 (4) 

x>log2(8XB^XS^ + l) (5) 

30 

[0036] Therefore, when the information signals S3 are scrambled by the scrambltng signals SlO having a cycte 
period (2^ • 1) of the M period sequence determined by the degree obtained by the above formula (5). it is possibe to 
obtain the scrambled recorded signals S4 for provkfing a stable tracking. 

[0037] For instance, in the case of the CD-ROM. snce the quantity of information signals contained in one sector 
35 is 2352 bytes* and the quantity of information signals contained in the outermost drcurrferential track is about 22 sec- 
tors, when the degree X is calculated in accordance with the formula (5). as far as the M period sequence of 1 9 degrees 
or more is used, it is possible to record different signals at the adfjacent tracks on the radial line extendng from the c£sk 
center aH over the tracks from the innermost to the outemnost ctrcumferentia] tracks. 

(0038] As descrtoed above, since the period at which the scrambltng signals SlO make a round is de^mined to be 
40 longer than the time length of the infonmation signal quantity recorded at the ma^mun capacity track (Le., the outer- 
most circumferential track), it is possit^le to remove ihe correlation between the adjacent tracks. 
[0039] Therefore, even if the track pitch is narrowed on the recording medium for higher recording density, it is pos- 
$S)ie to execute a stable tracking controf. 

[0040] Fig. 4A shows the scrambling means for executing a second infbnnation signal recordir^ rrtethod. 

45 [0041 ] As shown in Fig. 4A, the address of a scrambled signal generat'ng sectkxi 50 is desigr^ted on the basis of 
sector address signals S1 separated by the information signals S3. The section 50 is composed of an rvtial value mem- 
ory 20 (e.g., ROM) for generating previously stored initial values, an M period sequence generator 30 (corrposed of 
shift registers) for generating the scrambling signals S20 of the M period sequerve on the basis of the output of the 
memory 20, and an adder 40 for adding (exclusive OR) the information signals S3 of distal signal train arvl the scram- 

50 bling signals S20 to form scrambled signals S40 to be recorded. In this second embodiment, as shown in Fig. 4B. a pre- 
deterrruned length is offset between the initial value of the M period sequence and the initial vak:e of the succeec^ 
M period sequence. 

[0042] Rgs. 5A and 5B show the positional relationship of the information signals recorded through the scraimble 
procedure at the innermost circumferential track and the circumferential track adjacent to the innermost track ater hav- 
55 ing been scrantHed t>y the scrambled signal generating section 50 shown in Fig. 4A. 

[0043] In the M period sequence shown in Fig. 5A, the cyclic period of the scrantying signals s assuned to be 

longer than the time length of the number of infomration bits contained in at least two sectors. 

[0044] In the M period sequence as shown in Fig. 5A. the scramfcfe procedure is executed by offsetting the initial 
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value of the M period sequence at the present sector by an offset value from the initial value of the preceding sector 
[0045] In the arrangement of tfie recorded signals shown in Rg SB. the information signals recorded on the two 
adjacent tracks are rewritten linearly begtnhtng from the radial line L extending from the disk center O shown in Fig. 2A. 
In spite of the fact that the recorded signals are actually recorded concentrically or spirally beginning from the disk 
5 center O as shown in Rg. 2A. 

[0046] In Rg. 5. the problem arises with respect to the con'elation between signals recorded at the first sector 1 of 
the innernrtost circumference and signals recorded at the sectors (rn-l) and (rH2) of the adjacent circumferential track 
(the innermost + 1) at the same radial position of the recording medium. 

[0047] In Rg. SB. when the scrambled information signals including the scrambling signals are recorded at the adja- 
10 cent sectors of the problem, in the case of the same information signals, the same scranri^led signals are recorded in 
the sector i of the innem^ circumferential track and the sectors (n 4 1 ) and (n -f 2) of the succeeding track. 
[0048] Therefore, in the case where the information signals fbr the sector corresponding to the innermost circum- 
ference Sn^in can be recorded, it is necessary to execute the scramble procedure of the sector (S^in 1) by use of an 
Initial value of the M period sequence offset from the M period sequence used for the sector 1 t^y a value nx^e than the 
IS M period sequence code used for one sector. 

[0049] That is. the above-mentioned content can be expressed as follows: 

SminXD„>1 (6) 

20 [0050] Here, the outermost circumferential track of the disk wilt be taken into account 

(0051 1 in practk:e. the outermost drcumferential track and the adjacent (outermost circumference - 1) track must be 
considered. Here, however, the assumption is made that there exists another adjacent (outermost circunnference + 1) 
track 

[0052] Since the object that the same scramble pattern must not be generated between the two adjacent tracks is 

25 the same, the method of detenmining the constants will be explained. 

[0053] When the degree x of the M period sequence is decided on the basis of the information signal bits contained 
in the outermost circumferential track, since the same scramble pattern as that used at the outermost drcumference is 
to be recorded at the (outermost -i- 1) drcumferential track, it is necessary to select the M period sequence having a 
cyclic period tonger than that which can circulates the sectors obtained t>y adding the number of sectors (1/DJ to the 

30 tMsvrber of sectors contained in the outermost circumfaential track, until a part of the M period sequence used at the 
first sector of the outermost circumferential track will not be used again. Therefore, the following formica must be satis* 
fted: 



3S 



(S^+iyDJXD^<Cyeie (7) 
[0054] Therefore, on the basis of the above formulae (6) and (7). the following formula can be obtained: 

1/S^<D^<(Cy^,.1)/S^ (8) 

40 [0055] Here. 

Sfnh Sfnax Can b© decided on the basis of th© disk to which information signals are to be recoided. 
Accordingly, when the is rewritten in unit of sector, the formula (8) can be expressed as 

C^.(2''-1)/(8XB^) (9) 

45 [0056] Therefore, it is possible to obtain the degree x of the M period sequence on the basis of thie right and left 
sides of the formula (8) and in accordance with the following formulae (10), (1 1} and (12) as follows: 

1/Srt„<K2''-1)/(8XB„«)-1]/S^ (10) 

£0 2x>8XB,ee, • (1 + S^/S^) + 1 (11) 

X>tog2[8XB.,«X(1+S + 1] (12) 

[0057] The right and left sides of the fornrula (7) are isoth constants, so that it is possible to decide the offset width 
ss Dw 

[0058] For instance, in the CD-FOM. since the information signal quantity contained in one sector is 2352 t>ytes and 
the numbers of sectors contained in the outermost and innermost circumferential tracks are about 22 and 9 sectors 
respectively, when the degree x Is calculated in accordance with the formula (12), it is understood that the M period 
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sequence of 16 degrees or more must be used. That is, when the saamtsling signals of 16 degrees or more are used, 
it is possible to record different signals at the adjacent tracks on the same radial fines L extending from the dsk center 
O ail over the tracks from the Innermost and outermost circumferential tracks. 

[0059] Here, when the results of this second method are compared with those of the first nr^ethod. in the case of the 
5 first method, the M period sequence of 1 9 degrees is necessary to remove the correlaton between the adjacent tracks. 
In the case of the second method, on the other hand, the same effect can be obtained by use of the M period sequerre 
of 16 degrees. 

[0060] As described above, it Is possible to remove the correlation between the ad|acent tracks by use of a part of 
the saamt)ling signals repeatedly under overlapped conditions, so that it is posstole to execute the tracking control sta- 

10 biy even if the track f»tch is reduced. 

10061] A modification of the second method above will be described and is an errbodlment cf the present invention. 
In this modification, ihe scrambled signal generating section 50 shown in Fig. 4A is used. Bgs. €A and SB show the 
positional relationship of the information signals recorded through the recording procedure (after having t>€en scram- 
bled by the section 50) of this modification (which is different from the second method) at the irrormost and outermost 

t5 circumferential tracks of the recording medium. 

[0062] In the M period sequence shown in Fig, 6A, assurrvng that the cyciic period of the scrambTirYg signals is 
longer than the number of information signal bits contained in at least two sectors, the nitial value is so determined that 
the same pattern can be included only within a range of (1 - D^) in the succeedbrg scrannble pattern. 
[0063] In the arrangement of the recorded signals shown in Rgs. 6B and SC, the information signals recorded on 

20 the two adjacent tracks are rewritten linearly beginning from the radial line L extencSrtg from the disk center O shown in 
Fig. 2A. in spite of the tact that the recorded signals are actually recorded concerrtrk^any or sprally begirnir^ from the 
disk center O as shown in Fig. 2A. 

[0064] The innermost circumferential track is taken into account 

[0065] In the same way as with the case of the second method, the proljlem arises with respect to the con-efatkan 
25 between the first signal recorded in the sector 1 of the innermost drcumferential tack and the signals recorded wrthin 
the range at the adjacent track between the two radial lines L Obtained by extending from the dsk center O to the frst 
and last of the sector 1 of the innermost drcumferential track. 

(00661 In Fig. 66, the scramble procedure to the sectors (m-1) and after is executed by use of the initia) value of the 
scrambling signals offset more than the information signal quantity contained in one sector from the initial value of the 
30 scrambling signals used for the sector 1 . 

[0067] Here, if the nurhber of times that one scrambling signal is repeated oorrtinuously is denoted hf Mjoc^ the for* 
mula (13) can be expressed as: 

(S„in^M|oop)XD^>1 (13) 

35 

[0068] Here, the outermost circumferential tack of the disk will be taken into account 

[0069] In practk:e, the outenmost circumferential track and the adjacent (outermost circumference • 1 ) track must be 
conskJered. Here, however, the assumption is made that there exists another ac^cent (outermost tircumference 1) 
track. 

40 [0070] Since the object that the same scramble pattern must do\ be generated t>etween the two adjacent tracks is 
the same, here, the n>ethod of deciding the constants will be e^^aJned. 

[0071] When the degree of the M period sequence is dedded on the t»sis of the information signal bets contained 
in the outermost drcunnfererrtial track, at the (outermost circumference -t- 1) track since tfie scrambled signals quite the 
same as those used for the outermost drcumferential track are recorded, at the (outermost ctrcm7fererx;e -t- 1) track it 
4S is necessary to use tiie scrambling signal Bgect or more t>efbre the scrambling sigrtal used at the first of the outermost 
circumferential tracK as the scrannbling signal used at the sector positioned on the same radial line of the f irst of the 
outermost circumferential track. Therefore, the following famula can be obtained: 

KS„«x/M,^)^-1/D.)XD^<C^ (14) 

so 

[0072] Therefore, on the basis of the above formulae (13) and (14). Ihe following formula can be obtained: 

Mtoop/S^<D^<(C^-1)XM^/S^ (15) 

55 [0073] Here. S^in and can be both decided on tiie basis of the disk to which information signals are to be 
recorded. Accordingly, the of the formula (16) can be e^^essed in unit of sector as follows: 

C«„«(2"-1)/(8XB^) (16) 
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[0074] Therelbre, it is possible to obtain the degree x of the M period sequence on the basis of the right arid left 
sides of the fomnula (15) and in accordance with the Ibllowing formulae (17), (18) and (19) as follows: 

Wtoop/S^n<[{2''-1)/(8XB„J-11 • M^/S^ (17) 

5 

2%8XB^,X(1-.S^,/S^J+1 (18) 

X>log2[8XB^X(1+S^,/S„fc,) + 1] (19) 

10 [0075] The formula (1 9) is the same as that (1 2) of the second embodiment, so that it is possible to obtain the same 
result 

[0076] Here, when the results of this embodiment are compared with those of the first method above, in the case 
of the first method, the M penod sequence of 19 degrees is necessary to remove the correlation t>etween the adjacent 
tracks. In the case of this enrtxxllment, on the other hand, the same effect can be obtained by use of the M period 
IS sequence of 1 6 degrees, 

[0077] Further, since the same scrarrt>ling signals can be used repeatedly, tfiere exists another effect such that the 
nun^er of initial values to be recorded on the initial value storing section 26 shown in Fig. 4A can t>e reduced as com- 
pared v^nth that of the second method at)Ove. 

10078] In the above-mentioned embodiment, although the present invention has been explained by taking the case 
^o where information signals are recorded in the CLV system, it is of course possible to adopt the present invention when 
the infonration signals are recorded in the C AV system. 

[0079] As described above, the information signal recording method according to the present invention provides the 

following excellent effects: 

[0080] In the inventcm the conelation between the adjacent tracks is removed. 
25 [0081] Therefore, it is possible to execute a stable tracking control even if the trackpitch is reduced on the recording 
medium for higher recording density. 

[0082] Further, since a part of the saambling signals is used repeatedly, it is possible to deaease the number of 
initial values of the scrambling signals to be stored in the memory section. Further, since the degrees of the scrambling 
signals (M period sequence] can be reduced. H is possible to simplify the scrambled signal generating sectk>n to that 
30 extevt 

Claims 

1 . A method of recording and reproducing informatkm signals of binary digital signal tram using an information signa! 
35 recording medium formed with circular information signal tacks divided into a plurality of sectors each having a sec- 
tor address by scrambling and de-scrambltng the information signals with scrambfing signals having cyclic codes, 
the method comprising the steps of 

generating a plurality of initial values according to the sector addresses; 
40 generating a scrambling signal based on each generated initial value; and 

scrambling the information signals, and, in the case of reproduction, de-scrambling scrambled information sig- 
nals read from said recording medium, in each sector with one of said generated scrambling signals, each said 
scrambling signal being used for a predetermined plurality of sequential sectors. 

wherein a starting point in said cyclic codes of the scrambling signal used for the signals in each said prede- 
45 termined plurality of sequential sectors is offset by a predetermined offset value from the starting point of the 

scrambling signal used for the signals in the immediately preceding predetermined plurality of sequential sec- 
tors, sectors In adjacent portions of said signal tracks being scramkMed using different scrambling signals. 

2. A method of recording and reprodudng infonration signals of binary digital signa! train using an information signal 
$0 recording medium formed with circular information signal tracks divkied into a plurality of sectors each having a 

sector address by scrambling and de-scrambling the infbrmatfon signals with scrambling signals having cyclic 
codes, the method compn'sir^ the steps of: 

generating a first initial value based on tiie sector address, the first initial value being used over first sequential 
55 sectors of a predetermined number of sectors: 

generating a second initial value based on the sector address, the second initial value being used over second 
sequential sectors of the predetennined number of sectors; 
generating a first scrambling signal based on the first initial value; 
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generating a second scrambling signal based on the second value; and 

scrambling the information signals, and. in the case of reproductioa de-saan±rfing scrambled rrformation sig- 
nets read from said recording medium, per sector with repeated use of the first scrambBng signal that starts at 
the first initial value with respect to each sector of the first sequential sectors and with repealed use of Ihe sec* 
s ond scramt)ling signal that starts at the second initial value with respect to each sector of the second sequential 

sectors. 

wherein a starting point of the second scrambling signal corresponding to the second iritia! value is offset tyy a 
predetermined offset value from another starting point of the first saambling signal corresponding to the first 
initial value. 

10 

3« The method of Claim 1 or 2. wherein the information signals are scrambled and said read soarrtied information 
signals are de-scrambled by obtaining exclusive OR of the signals and the cyclic codes conposed of (2* * 1) unte 
of binary numbers; 

15 and further a degree x of the cyclic codes is determined as follows: 

x>log2{8xB.ect'*0+S^/S^ + l) 

where denotes the number of bytes of the information signals recorded in one sector of the recording 
20 medium. denotes the number of sectors included in an outenmost circumferentsal track of the recording 

medium, and S^i^ denotes the number of sectors included in an innermost drcumfer ertiaf track of the record- 
ing medium. 

4. Apparatus for recording and reproducing information signals (S3} of binary digital signal tr^ using an inlbrmaton 
25 signal recording medium (15) formed with circular information signal tracks divided into a plurafity of sectors having 
sector addresses, the apparatus conprising: 

means (20) for generating a plurafrty of initial values according to the sector addresses; 

means (30) for generating a scrambling signal based on each generated initial value; 
90 means (40) for scrambling the information signals, arxi, in the case of reproduction. de-saambfTig scrantded 

information signals read from said recording medium, in each sector with one of said scrambling sigrals each 

said scrambling signal being used tor signals in a predetermined plirality of sequential sectors; 

wherein a starting point of the scrambling signal used for the signals in each said predetermined pluality of 

sequential sectors is offset by a predetermined offset va!ue from the starting point of ttie scranrtiing signal 
35 used for the signals in the immediately preceding predetermined plurality of sequerttial sectors, sectors in ac^ a- 

cent portions of said signal tracks being scrannbled using dfferent scrambling signals. 

& Apparatus tor recording and reproducing intormation signals of binary gital signal train using an i rf om uti o?i signaS 
recording medium formed with circular infdmfiation signal tracks <£vided into a pfuraJity of sectors hsmg sector 
40 addresses, the apparatus comprising: 

means for generating a first initial value based on the sector address, the f'rst inrtial value t&rvg used over first 
sequential sectors of a predetermined nurrtber of sectors; 

means fbr generating a second initial value based on the sector address, the second rtitia! value being used 
45 over second sequential sectors of the predetermined nutvtoer of sectors; 

means for generating a first scranrtting signal based on the first initial value; 
means for generating a second scrambling signal based on the second initiaf value; 

means tor scrambling the inforntation signals, and. in the case of reproductior\ de-scranibnng scrarrbfed rttor- 
mation signals read from said recording medium, per sector with repeated use of the first scrambfing signal that 
so starts at the first initial value with respect to each sector of the first sequential sectors and with repeated use 

of the second scrambling signal that starts at the second initial value with respect to each sector of ttie seccrvl 
sequential sectors. 

wherein a starting point of the second saambling signal corresponding to the second inrtial value is offset by a 
predetermined offset value from another starting point of the first saambling signal conesponding to the frst 
55 initial value. 

6. A method of reproducing original information sigr^ats t)y de-sorambfing scrannbled intormation signals of binary dg- 
ital signal train reaa from an information signal recording medium formed with circular intormation signal trade 
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divided into a plurality of sectors having sector addresses, the scrambled information signals having been saam- 
bled with scrambling signals having cyclic codes, the method conpnsing the steps of: 

generating a plurality of initial values according to the sector addresses: 

5 generating a scrarTt)ling signal based on each generated initial value; and 

de-scrambling the saambled information signals in each sector with one of said generated scrambling signals, 
each said scrambTing signal being used to de-scramble a predetern^ned plurality of sequential sectors, 
wherein a starting point in said cydic codes of the scrambftng signal used to de-saambfe the signals in each 
said predetermined plurality of sequential sectors is offset by a predetermined offset value from the starting 

10 point of the scrambling »gnal used to de-scramble the signals in the immediately preceding predetenrvned plu- 

rality of sequential sectors, sectors in adjacent portions of said signal tracks having been scrambled using dif- 
ferent scrambling signals. 

7. A method of reproducing original information signals by de-saambling scrantbled lnfbrmatk)n signals of binary dig- 
15 ital signal train read from an information signal recording medium formed with circular information signal tracks 

divided into a plurality of sectors having sector addresses, the scrambled information signals having been saam- 
bled with saambling signals having cyclic codes, the method comprising the steps Of: 

generating a first initial value based on the sector address, the first initial value being used over first sequential 
^o sectors of a predetermined number of sectors; 

generating a second initial value based on the sector address, the second initial value be'mg used over second 

sequential sectors of the predetermined number of sectors; 

generating a first scrambling signal based on the first initial value; 

generating a second scrambling signal based on the second value; and 
25 de-scrambling the saambled information signals per sector with repeated use of the first saambling signal that 

starts at the first initial value with respect to each sector of the first sequential sectors and vnth repeated use 

of the second scrambling signal that starts at the second Initial value with respect to each sector of the second 

sequential sectors. 

wherein a starting point of the second scrambling signal corresponding to the second initial value is offset by a 
so predetermined offset value from another starting point of the first saambling signal conesponding to the first 

initial value. 

8. The method of reprodudng original Information signals of Gaim 6 or 7. wherein the scrambled Intonnation signals 
are de-scran^ed by cbtaining exclusive OR of the scrambled infamation signals and the cyclic codes composed 

35 of (2^^ - 1) units of tJinary numbers; 

and further a degree x of the cyclic codes is detennned as follows: 

x>log2{8xB3^x(i + S^/S„J-H} 

40 

where B^ct denotes the number of bytes of the Information signals recorded in one sector of the recording 
medium. Sjji^ denotes the number of sectors Included in an outermost circumferential track of the recording 
medium, and S„,in denotes the number of sectors included in an innenmost circumferential track of the record- 
ing medium, 

45 

9. Apparatus for reprcxfucing original information signals by de-scrambling scrambled information signals (S3) of 
binary digital signal train read from an information signal recording medium (15) formed with circular information 
signal tracks divided into a plurality of sectors having sector addresses, the apparatus comprising: 

so means for generating a plurality of initial values according to the sector addresses; 

means for generating a scrambling signal based on each generated initial value; 

means for de-scrambling the scrambled information signals read from ttw recording medium in each sector 
with one of said scranrrtDling signals each said scrambling signal being used to de-scramble signals in a prede- 
termined plurality of sequential sectors; 
f5 wherein a starting point of the saambling signal used to de-scramble the signals in each said predetemiined 

plurality of sequential sectors is offset by a predeterminedjoffset value from the starting point of the scrambling 
signal used to de-saamble the signals in the immediately preceding predetermined plurality of sequential sec- 
tors, sectors in acf acent portions of said signal trad^ having been scrambled using different scrambling slg- 
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nals. 

10. Apparatus for reproducing onginai information signals by de-scramding scrannbted informatjon s^gnaJs of binary 
digital signal train read from an information signal recording medium formed wtth drciiar Hormation signal tracte 
divided into a plurality of sectors having sector addresses, the apparatus comprising: 

means for generating a first initia} value based on the sector address, the frst initiat value being used ever frst 
sequential sectors of a predetermined number of sectors; 

means for generating a second Initia! value tDased on the sector address, the second initial value being used 
over second sequential sectors of the predeternrvned number of sectors; 
means for generating a first scrambling signal based on the first initial value: 
means for generating a second scramt)l(ng signal tDased on the second initial value; 
means for de-scrambling the information signals per sector with repealed use ot the first scranW ng signal that 
starts at the first initial value v^oth respect to each sector of the first sequential sectors and v^ith repeated use 
of the second &cramt)iing signal that starts at the second irttial value with respect to eacfi sector of Ihe second 
sequential sectors, 

wherein a starting point of the second scrambling signal corresponding to the second iritiaJ vafue is offset by a 
predetermined offset value from another starting point of the first scramtsling signal correspond ng to the first 
Initial value. 
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